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1

METHOD OF ELECTROFORMING AND
PRODUCT

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
electroplating or electroforming, and more particularly,
i1s directed to the electrodeposition of karat gold upon a
disposable substrate.

The process of electroplating is well known and con-
sists generally of passing a direct electrical current
through a solution or bath between two electrically
conducting materials or poles which are placed in the
solution at the positive and negative terminals of the
direct current circuit. Electroforming is an electroplat-
ing process which utilizes special plating baths and
which has been employed by prior workers in the art to
produce an exact metallic reproduction of a model or
substrate by forming thereon a relatively thick deposit
of metal from the bath. The substrate may or may not be
removed as required by the final commercial product,
such as a master record or an article of jewelry. Electro-
forming has been successfully utilized by prior workers
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in the art to form relatively large pieces of gold jewelry 55

at greatly reduced prices, when considering the size of

the piece and the cost of a comparatively sized solid
gold object. By employing a disposable substrate as a
model and then plating pure gold over the model, there
was thereby formed a hollow, configured, gold product
which required considerably less gold than would oth-
erwise be required when fabricating the piece by utiliz-
ing conventional gold working techniques.

When employing a substrate or model of non-con-
ductive material, such as wax or expanded polystyrene,
the model surfaces first had to be rendered electrocon-
ductive before the surfaces could be electroformed. In
order to accomplish this, prior workers in the art have
usually selected a solution containing a ‘conductive
metal and they sprayed, dipped or painted it over those
surfaces of the model selected for electroforming. In
one known technique, a model was first placed in a
copper depositing solution or bath by attaching the
model to the cathode by a copper wire and then im-
mersing it in the electroplating bath to produce the
formation of a film of copper over the substrate of suffi-
cient thickness to form a suitable, conductive base for
deposit of a noble metal, for example metallic silver or
metallic gold. After cleaning by rinsing, the copper
coated mandrel or substrate was placed in a silver or

gold plating bath until the desired final thickness of

silver or pure gold was formed in the exact configura-
tion of the model. After electroforming the  desired
thickness of metallic silver or gold, the piece was then
removed from the bath and the substrate material was
then removed by employing suitable, known methods.
In order to produce gold electroforms, the prior
workers in the art have usually employed a hot gold
cyanide bath or electrolyte comprising a solution of
gold, potassium or sodium cyanide, and dipotassium or
disodium phosphate. The bath preferably was heated to
160°-180° F., and a current density between 1 to 5 am-
peres per square foot was employed. When thick gold
deposits were desired, a greater percentage of gold in
the bath was employed since this permits higher current
densities and higher cathode efficiencies. It was found
that higher temperatures and increased bath agitation
could be employed to favor higher plating speeds.
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The prior art electroforming techniques and proce-
dures have generally proved acceptable to produce fine
gold-veneered and silver jewelry and other commercial
articles of precisely controlled configuration. When
using the prior art gold electroforming techniques, the
deposited gold was substantially twenty-four karat
gold, a desirable product that could be mechanically
formed or otherwise treated, such as by gold soldering.
However, the final product was expensive and because
of its purity, was quite soft.

In the past such techniques were generally successful
and any gold producits resulting from the known pro-
cesses were considered to be uniquely formed, light of
weight and of great merit. However, due to the ever
increasing cost of gold, the need remains to develop a
process that is capable of producing gold articles of
acceptable size and quality, but which require even
smaller quantities of pure gold. The existing procedures
have never successfully been adapted to produce an
acceptable karat gold electroform and all previous at-
tempts resulted in gold deposits that failed either due to
brittleness and/or through failure to build up the re-
quired thickness of deposit. Research has disclosed that
there are no existing processes presently available for
creating commercially acceptable, relatively thick,
karat gold electroforms. The term ‘“thick” karat gold
electroform as utilized herein, is defined to mean a
thickness of approximately 0.007 inches (0.013 cm.) or
greater. |

SUMMARY OF THE INVENTION

The present invention relates generally to the field of
electroforming, and more particularly, is directed to a
novel process for electroforming highly stylized or
intricately configured objects in alloy or karat gold.

In an effort to find a workable karat gold electro-
forming process, initial tests were conducted by em-
ploying a known acid gold electrolyte comprising gold,
copper, cadmium and arsenic and alternately, a known
alkaline cyanide electrolyte containing gold, copper

~and cadmium. The gold content and the other bath
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constituents were varied in each instance in a series of
tests to determine whether increased gold deposition
rates could be achieved. The tests proved that the modi-
fication of known bath formulations produced little or
no beneficial results. Initial tests conducted with a wax
matrix made electrically conductive by a coating of a
stlver bearing shellac or lacquer under varying plating
conditions in both baths yielded highly stressed deposits
that failed due to cracking when they reached approxi-
mately 0.003 inches. It was found that the alkaline cya-

- nide bath, when used at elevated temperatures, resulted
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in slightly less stressed deposits.

The initial research developed that it was desirable to
utilize wax as the matrix material due to its characteris-
tics of being easily formed to the desired configuration
by employing well known techniques and being readily
meltable at temperatures below the boiling temperature
of water. Accordingly, wax possesses the distinct mate-
rial advantage of being easily removable from an elec-
troform by immersing a matrix and its electroformed
deposit in boiling water. However, numerous other
matrix materials could similarly be employed in the
process and still fall within the spirit and intent of this
invention. Additionally, it will be appreciated that other

-gold electrolytes that are capable of producing gold

alloy deposits which are smooth and uniform can be
adapted for use in the process.



4,343,684

3 _

Early tests utilizing a wax matrix and i 1ncreasmg bath
temperatures to allow increased plating current in the
known manner with faster gold deposition rates contin-
ually resulted in deposit failure due to wax expansion. It
was then attempted to maintain the bath temperature
constant and gradually increase the plating current. A
self-supporting deposit was thereby achieved and the
wax substrate was boiled out. However, the resulting
electroform proved to be very brittle and entirely unus-
able for the intended purpose. Additional tests at con-

stant bath temperature but with periodic current rever-

sal and cathode agitation were performed, but in each
instance, the resulting electroform was highly stressed
and brittle. | :
It was then determined to first plate the mandril in
copper to create a strong metallic shell to withstand the
stresses due to wax expansion. The copper plated man-
‘dril was electroformed in the gold electrolyte, the wax
substrate was then boiled out and the copper shell was
etched away, leaving.a karat gold shell. Failure due to
cracking occurred soon after the copper was removed.
Subsequent tests proved that the karat of the gold de-
posits could be controlled by varying current density,
but the problem of brittleness due to stresses remained.

Continued experimentation developed the technique
of stress releaving the gold electroform in an annealing
oven while the copper supporting shell was still intact.
After the electroform was fully stress relieved, the cop-
per shell could then be etched away, thereby resulting
in a completely self-supporting, stress relieved, ductile,

electroform in karat gold suitable for further treatment.

in known manner, such as soldering or other mechani-
cal procedures.

It 1s therefore an object of the present invention to
provide an improved method of electroformmg and
product resulting therefrom.

It 1s another object of the present invention to pro-
vide a novel method of electroforming karat gold.

It 1s another object of the present invention to pro-
vide a novel method of electroforming including the
steps of electroforming a self-supporting metallic shell
over a removable matrix, removing the matrix, deposit-
ing a karat gold electroform over the metallic shell,
stress releaving the gold electroform and then etching
away the inner metallic shell.

It is another object of the present invention to pro-
vide a novel method of electroforming karat gold com-
prising the steps of forming a mandril to a desired con-
figuration, plating a metallic shell over the mandril,
producing a karat gold electroform over the metallic

shell and creating the desired gold content in the elec-

troform by varying the current density.

It 1s another object of the present invention to pro-
vide a novel method of electroforming karat gold and
product resulting therefrom that employs readily avail-
- able equipment, that is capable of precise control and
that is trouble free when in use.

Other objects and a fuller understanding of the inven-
tion will be had by referring to the following descrip-
tion and claims of a preferred embodiment of the inven-
tion. Although specific terms are used in the following
descripticn for the sake of clarity, these terms are in-
tended to refer only to the particular method of the
invention selected for illustration, and are not 1ntended
to define or limit the scope of the invention. :
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DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

In order to develop a practical method of producing
a karat gold electroform, an alkaline gold electrolyte of
known composition containing gold, copper, cadmium
and cyanide in a water solution was chosen. It will be
appreciated however that any gold electrolyte that 1s
capable of producing gold alloy deposits which are
smooth and uniform can be adapted for use in the pro-
cess. A non-conductive matrix, preferably of wax, was
chosen as a substrate for the electroform for use in all
tests leading to the development of the process forming
the subject matter of the present invention.

TEST 1

Using an alkaline gold electrolyte, a wax substrate
was plated at 0.10 amps. for 0.15 amphere hours starting
with a bath temperature of 110° F. The temperature was
chosen so as not to soften or appreciably expand the
wax. The bath temperature was then raised to 125° F.
and 1t was hoped that the deposit could withstand the
additional stresses caused by the expansion of the wax.
The attempt was made to gradually raise the tempera-
ture of the bath as the deposit thickness was increased as
it was anticipated that the increasing pressures of the
expanding wax matrix could then be tolerated.

Plating current was raised to 0.5 amps. for an addi-
tional 0.15 amp. hours in an effort to establish a usable
thickness of deposit in as short a period as possible. The
bath temperature was raised to 140° F., but before plat-
ing could resume, the deposit failed.

TEST 2

Using the test set up of Test 1, plating was started at
110° F. at 0.1 amps for 0.1 amp. hr. The temperature
was raised to 115° F. at 0.1 amps. for an additional 0.15
amp. hrs. The bath temperature was increased to 140°
F., plating at 0.1 amps. for 0.2 amp. hrs.

The deposit then failed, although this procedure re-
sulted in a somewhat thicker deposit.

TEST 3

Using the test set up of Test 1, plating was started at
110° F. at 0.2 amps. for 0.1 amp. hrs. The bath tempera-
ture was raised to 115° F. at 0.2 amps. for 0.18 amp. hrs.
The bath temperature was then raised to 120° F. at 0.25
amps. for 0.2 amp. hrs. The bath temperature was then
raised to 125° F. at 0.25 amps. for 0.25 amp. hrs., at
which time the deposit failed. The result was a some-
what thicker deposit, but still not a usable product.

TEST 4

Using the test set up of Test 1, plating was started at
100° F. in an effort to keep wax expansion to a minimum
at 0.05 amps. and then raising gradually to 0.15 amps for
0.25 amp hrs. A deposit was achieved which was self-
supporting and the wax matrix was then removed by
inserting the electroform together with the wax matrix
in boiling water. The electroform appeared sound but
examination proved it to be very brittle, whereby it
cracked during the final cleaning process. It 1s notewor-
thy that this is the first self-supporting gold electroform
produced to date

TEST 5

The procedures of Test 4 were repeated but care was
taken not to damage the electroform after removal from
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the wax boil out solution. The self-supporting electro-
form was then additionally plated at 100° F. at 0.5 amps.
for an additional 0.4 amp hrs. Periodic current reverse
was introduced in a cycle of 15 seconds forward and 1
second reverse in an effort to create a smoother, less

stressed deposit. This deposit ultimately cracked after
0.165 amp hrs.

TEST 6

Using the test set up of Text 1, plating was started at
100° F. at 0.5 amps. for 0.25 amp hrs. and then the wax
was boiled out. After removal from the wax boil out
solution, electroform was additionally plated at 0.25
amps. for 0.75 amp hrs. at 100° F. This resulted in a
good electroform, but the product was still quite brittle.

TEST 7

Using the test set up of Test 1, plating was started at
100° F. at 0.15 amps for 0.25 amp hrs. Periodic current
reverse of 60 seconds forward and 1 second reverse was
introduced and then the wax was boiled out. The elec-
troform was addmonally plated at 0.25 amps. for 0.75
amp. hrs. at 150° F. using 60 seconds forward and 10
seconds periodic current reverse. The result was a self-
supporting electroform but the product was still highly
stressed.

TEST 8

Test 7 was repeated but using a bath scaled up to 4
liters in an effort to reduce particulate matter building
up during the plating process. Continuous filtration was
‘also employed which resulted in an electroform of the
same properties, but with a smoother surface.

TEST 9

Using the test set up of Test 1, plating was started at
100.4° F. for 0.15 amps. for 0.38 amp. hrs. using a peri-
odic current reverse of 60 seconds forward and 1 sec-
ond reverse. Rapid cathode agitation was introduced

but the deposit cracked at 0.35 amp hrs. due to high
current.

TEST 10

Using the test set up of Test 1, plating was started at

100.4° F. at 0.1 amps. for 0.107 amp. hrs. and thickness
of deposit of 0.003 inches was achieved. Periodic cur-
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rent reverse of 60 seconds forward and 2 seconds re-

verse with slow cathode rotation was introduced. Wax
was boiled out and the electroform remained in the
boiled out solution for 15 minutes in an effort to relieve
stresses. Plating then continued at 150.8° F. at 0.25
amps. for 0.1 amp. hrs. using periodic current reverse of
60 seconds forward and 4 seconds reverse with slow
cathode rotation. Another attempt was made to stress
relieve the object by immersing it in boiling water.
Plating continued again at 150.8° F. at 0.25 amps. for 0.1
amp. hrs. using periodic reverse of 60 seconds forward
and 4 seconds reverse. The object was again immersed

in boiling water and it was noted that a total thickness of

0.007 inches was achieved at a total plating time of 0.321
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amp. hrs. Stress was not relieved by the boiling water

and it was found that the removing and replacing of the
object 1n the bath on several occasions created a series
of non-adherent layers rather than a homogeneous de-
posit. Accordingly, attempts to stress relieve by peri-
odic boiling were abandoned.
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TEST 11

Prior to gold electroforming, the matrix was first
plated at 0.18 amps. in a copper solution for 4 an hour in
an effort to create a strong metallic shell to address the
problem of stresses caused by wax expansion. The piece
was then rinsed and moved into the gold electroforming

bath of Test 1. Plating was started at 104° F. at 0.4 amps.
for 2 hours using periodic current reverse of 60 seconds
forward and 4 seconds reverse. The wax mattrix was
then boiled out and the copper undercoat was etched
out in a concentrated nitric acid solution. This left a
karat cold shell which was highly brittle and stressed.
The sample cracked soon after the copper was etched
away. In view of the results, it was decided to next plate
for a longer period of time to create a thicker deposit in
an effort to prevent cracking.

TEST 12

A primary copper shell was formed over the matrix
as in Test 11 and then plating was started at 150.8° F. at
1 amp. for 74 hours using periodic current reverse of 60
seconds forward and 4 seconds reverse with slow cath-
ode rotation. This resulted in a deposit of 0.013 inches
thickness. The electroform was assayed at 17.5 karats.

TEST 13

A wax mattrix was plated at 1 amp. in a copper bear-
ing solution for 3 hr. to obtain a usable copper electro-
form. The wax was then boiled out and the piece was
electrocleaned and placed in the gold bath. Plating was
started at 104° F. at 0.2 amps. for 2 hrs. using periodic
current reverse of 60 seconds forward and 4 seconds
reverse. It was determined that the periodic current
reverse was not improving the deposit in any significant
way and accordingly, it was determined to discontinue
this practice. Plating was continued at 150.8° F. at 0.175
amps. for 6 hrs. for a final deposit thickness of 0.010
inches. This test deposit assayed to 20.5 karat.

TEST 14

A wax matrix was formed measuring exactly 2.5
square inches and was creased in its center to form a 90°
angle. The test matrix was plated in copper to form a
self-supporting copper electroform and the wax was
then removed by boiling. Plating was started at 150.8°
F. at 0.2 amps. for 0.5 amp. hrs. for 3 hrs. The current
density was 11.5 amps. per square ft. and the test dep051t
assayed to 21.25 karat.

TEST 15

Using an identical wax matrix and copper coating as
in Test 14, plating was started at 150.8° F. at 0.26 amps.
for 0.527 amp. hrs. for 3 hrs. This was a current density

of 15 amps. per square ft. This test assayed to 20.25
karat.

TEST 16

Using an identical wax matrix and copper electro-
form as in Test 14, the sample was plated at 150.8° F. at
0.35 amps. for 0.5 amp. hrs. for 23 hrs. The current
density was 20 amps. per square ft. and the test piece
assayed to 17.8 karat. |

TEST 17

A wax matrix was copper electroformed as in Test 7
and plating was started at 150.8° F. at 0.43 amps. for 0.6
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amp hrs. for 2 hrs. The current density was 25 amps. per
square ft. and the test piece assayed to 15.6 karat.

As can be seen from the foregoing, Tests 14-17 prove
that the karat of the deposit is directly related to the
current density. As the current density increased from
11.5 amps. per square ft. to 25 amps. per square ft., the
karat of the deposit decreased. There is an inverse ratio
between current density and karat. The faster one
plates, the lower the karat and vice versa. In view of the
test results of Tests 14-17, a graph could be plotted
from which an accurate prediction of the karat of a
deposit can be calculated by accurately controlling the
current density. | ..

After completing the electroformmg procedure to
obtain a karat gold electroform of the desired karat, the
finished electroform should be thoroughly rinsed in
water and then heat treated to relieve stresses. The
cleaned electroform can be placed in an annealing oven
of conventional design and then heated from room tem-
perature to 650° F. gradually over a period of 4 hours.
This allows the stresses inherent in the electroform to be
gradually relieved without any radical distortion of the
electroform. It has been noted that the electroforms do
not undergo any significant change during this period of
time other than to become darkened due to oxidation.

At the end of the initial 4 hour annealing period, the
oven temperature was raised to 900° F. for 1 hour and
then raised to 1100° F., a procedure which resulted in a
fully annealed eleetreform that was completely stress
relteved. The annealed karat gold electroform was quite
ductile to which additional elements could be gold
soldered or upon which the usual mechanical work
could be performed. The supporting copper shell could
then be removed. |

In producing a finished karat gold electroform, the
test results show the desirability of performing the fol-
lowing steps: -

1. Form a wax or other material model to the appro-
priate configuration and then treat as necessary to make
- surface areas electrically conductive. |

2. Attach a suitable copper wire and plate the model
in copper until a self-supporting copper shell is
achieved.

3. If wax 1s used as the mandrel, remove the wax by
boiling.

4. Thoroughly clean the object and prepare as neces-
sary for subsequent plating in a karat gold electroform-
ing bath.

5. Calculate and regulate the current density to
achieve the desired karat gold electroform and then
build up the object in the karat gold electroforming bath
to the desired final thickness.

6. When the final thickness has been achieved, thor-
oughly rinse the object and then stress relieve in an
annealing oven over a period of at least four hours by
gradually raising the temperature to a maximum of
1100° F.

7. After annealing, allow the electroform to cool to
room temperature and then drill as necessary to provide
drainage holes through the interior of the piece.

8. Immerse the electroform piece in concentrated
nitric acid to dissolve the copper shell from the interior,
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thereby leaving a karat gold electreferm which can be
used 1n any manner desired.

Although the present invention has been described
with reference to the particular embodiments herein set
forth, it is understood that the present disclosure has
been made only by way of example and that numerous
changes in the details of construction may be resorted to
without departing from the spirit and scope of the in-
vention. Thus, the scope of the invention should not be
limited by the foregoing specification, but rather only
by the scope of the claims appended hereto.

I claim:

‘1. The method of gold electroforming utilizing an

~acid electrolyte containing gold or an alkaline electro-
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lyte containing gold at a temperature above 100 degrees
F. comprising the steps of

forming a non-metallic substrate to a desired configu-

ration;

applying a metallic shell over at least portions of the

substrate;
placing the substrate with shell into the electrolyte;
electroforming at a current density of between ap-
proximately eleven amperes per square foot and
approximately twenty-five amperes per square foot
a self-supporting gold deposit of a first karat over
the metallic shell; and |

annealing the gold deposit at a temperature in excess
of room temperature for a period of at least four
hours to remove stresses and brittleness.

2. The method of claim 1 and the further step of
removing the non-metallic substrate from the metallic
shell prior to annealing.

3. The method of claim 1 wherein the step of apply-
mg comprises placing the substrate in a copper contain-
ing bath and electroplating a copper metallic shell over
the portions of the substrate.

4. The method of claim 1 and removing the metallic
shell from the gold deposit after annealing, the remov-
ing comprising placing the metallic shell and the an-
nealed gold deposit in an acid solution.

5. The method of claim 1 wherein the eleCtreformmg
is continued for a sufficient perlod of time until the
thickness of the gold deposu is at least about 0.007
inches. |

6. The method of claim 1 wherein the step of anneal-
ing comprises placing the combined metallic shell and
karat gold deposit in an annealing oven and maintaining
the combined metals at the elevated temperatures for
the period of time.

7. The method of claim 1 and the further step of
varying the current density employed in electroforming
to produce a gold deposit of a second karat.

8. A gold product made in accordance with claim 1 in

which the gold deposit 1s karat gold between about

fifteen karat and about twenty-one karat.

9. The gold product of claim 8 in which the deposit 1s
at least about 0.007 inches in thickness.

10. The gold product of claim 8 in which the non-
metallic substrate is removed from the metallic shell.

11. The gold product of claim 8 or 10 in which the

metallic shell is removed from the gold deposit.
. | X k% %k k% ~
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